This paper presents the thermos-economic evaluation of a simple gas turbine (SGT) within the Niger Delta, Nigeria. Steady-state monitoring and direct collection of data from the 25 MW plant were performed including logged data for a 12 months period. MATLAB software was used to model the various thermodynamic performance equations of the plants while net present value (NPV), internal rate of return (IRR), and Payback period (PBP) were used to model the economic concept of the plant performance. The thermodynamic analysis shows that for every 1˚C rise in the ambient temperature, the percentage power drop increases by 2.07%, thermal efficiency drops by 0.66%, and the specific fuel consumption increases by 0.93%. For every 1% drop in the power output, the percentage thermal efficiency drops by 0.79% for the given consideration. The economic analysis based on the performance reveals that the power shortages represent about 47.9% of the net power generated and the revenue worth of $4198741.60 is lost due to the inability of the plant to perform at its design point. The NPV value of $6434899.97 shows that the plant investment is viable for the period of twenty years of operation and the IRR on investment is determined to be 12.40% by a numerical approximation for the period, with a PBP of 8.5 years. This provides technical and economic details to plant operators and energy systems investors for decision making.
growth and sustainability. Researchers have investigated several power plants within the tropical zone, and ways of optimizing their performance have been suggested. Although one way we can achieve energy efficiency is by systematically and effectively minimizing losses in our current energy systems. In addition the establishment of a performance rating philosophy of such systems and their evaluation in terms of technical performance parameters, their cost elements and implications to the environment are pertinent. Our industries today make use of coal, steam electrical energy, furnace, oils, diesel, chemicals, lubricating oil, etc. Although, because of their contribution to global warming, renewable energy development has been in an increasing measure in recent times. Raw materials like steel, copper, aluminum etc. are processed by energy-intensive processes. Even transportation by road, rail, ocean, and air requires high energy input [1] . Without an adequate supply of energy, the stability of the economic order, as well as the political structure of a society is in jeopardy [2] . Hence, energy both its production and its use in an environmentally safe manner is a platform for broader economic growth and improves the quality of life of people around the world [1] .
The only form of energy which is easy to produce, transport, use and control is electrical energy. So, it is mostly the terminal form of energy for transmission and distribution [3] . The economic development and living standard of any society are a function of the availability and accessibility of electrical power to do her biding. Although most of the world have had chances to benefit from the merits brought by having access to electrical power, people in developing countries have not been as fortunate. In these countries, providing electricity will increase life expectancy and productivity, and will help in erasing illiteracy [4] . Therefore, the acknowledgment of the importance of increasing access to commercial electricity is fundamental to the future and sustainable development of any society.
The turbine is the most satisfactory power developing unit among various means of producing mechanical power due to its exceptional reliability [5] .
Generally, turbines are any kind of spinning that uses the action of a fluid to produce work [6] . They are prime-movers used for driving rotating equipment like pumps, compressors etc., or for generating the electricity required for process industries or a community. The idea of using the axial flow compressors, combustion chamber and turbine was conceived as early as in 1872 [5] . The gas turbine plant can be either open cycle or closed cycle. The major difference between the closed cycle and open cycle is that the working fluid (product of combustion) is continuously circulated in the closed cycle as the fluid coming out from the turbine is cooled to its original temperature in a cooler using an external cooling source before passing into the compressor whereas, in the open cycle, the working fluid is continuously replaced as they are exhausted into the atmosphere [5] .
The open cycle gas turbines can be started and stopped so easily compared Journal of Power and Energy Engineering with other power plants and therefore, are used for peak load power and tertiary reserve, and operate for a limited number of hours per year, typically 2000 and 5000 hours. The gas turbines used for electric power generation can produce electric power from the range of 20 to 250 MW with efficiencies of about 40% [7] . These gas turbines typically have a single-shaft configuration, operate on Brayton cycle [8] and consist of a compressor, a combustion chamber, and a turbine. Air is drawn from the atmosphere and is compressed to a high pressure in the compressor. The high-pressure air enters the combustion chamber where fuel is sprayed (added) to the compressed air and ignited to increase the fuel-air mixture (gas) temperature at constant pressure. However, gas turbines that operate in simple cycles have low efficiencies because the emission from the turbine exhaust comprises of hot gases and this energy is lost to the atmosphere. In order to better the performance and reduce atmospheric emissions advanced cycles that utilize the energy in the hot emitted gases in a combined cycle to generate more power are being proposed, designed and studied. Efficiencies of about 50% -60% have been reported [9] . Although, as part of performance audit, Adumene [10] presented an exergy-based analysis of an offshore gas plant. The result of his analysis revealed that there is a drop in both the thermal efficiency and exergy efficiency by 0.17% and 0.25% respectively, for every 1% drop in the operational load. The application of the first and second law of thermodynamics provides a holistic result for the plant performance prediction.
Eti et al. [11] made suggestions following series of investigations to improve the performance of the Afam V power plant by improving the Reliability and Productivity of the plant, and Thamir et al. [12] developed design methodology for a parametric study to improve gas turbine performance. Increase in thermal efficiency depends on certain factors including changes in some engine cycle parameters, such as overall pressure ratio (OPR), and exhaust temperature of the turbine [13] . Nkoi et al. [14] , analysis three plant configuration, such as simple gas turbine (SGT), intercooled/recuperated (ICR) engine and recuperated engine (RC) and it was observed that some modified gas turbine cycle configurations incorporating unconventional components such as engine cycle with low-pressure compressor (LPC) zero-staged, recuperated engine cycle, and intercooled/recuperated (ICR) engine cycle exhibited better performances in terms of thermal efficiency and specific fuel consumption than the traditional SGT.
Espanani et al. [15] noted that gas turbines are machines that work directly with ambient air, thus, anything that causes a change in the inlet air condition has an effect on turbine efficiency. Hence, relative humidity, mean sea level and environmental temperature have an effect on gas turbine efficiency. It was observed that fogging and evaporative method is most effective methods of efficiency improvement in Khoramshahr power plant. In Adumene et al. [16] research, it was revealed that decreasing the ambient temperature of the gas turbine plant within the tropical zone by 41.9% improved the plant performance by about 0.78%. Journal of Power and Energy Engineering Wang and Chiou [17] in their study concluded that implementing both steam injection gas turbine and inlet air cooling features cause more than a 70% boost in power and 20.4% improvement in heat rate. Bouam et al. [18] studied combustion chamber steam injecting for gas turbine performance improvement during high ambient temperature operation. Also performed by Harlock et al. [19] was the effect of exergy analysis on the gas turbine inlet temperature, and steam injection level in the gas turbine, and Srinivas et al. [20] concluded that steam injector decreases combustion chamber and gas re-heater energetic loss from 38.5% to 37.4% compared to the case without steam injection in combustion chamber. Wadhah [21] introduced an intercooler into the plant analysis and the result shows that the implementation of intercooling increases the power plant thermal efficiency of the case study gas turbine power plant when compared to the non-intercooled gas turbine plant configurations. The above is some of the various methodologies for gas turbine performance improvement, including gas turbine combined cycle. This work seeks to carry out an economic evaluation of the plant performance for its life cycle and predict the possible breaks even point for plant investors and energy mangers.
Materials and Methods
The following research methodology was adopted:
1) Data were collected from the Trans-Amadi gas plant (a single-shaft gas turbine) through the human machine interface and logbooks for 12 months.
2) Assessment of the plant operating condition was carried out.
3) MATLAB software code was developed to model the various equations employed for the analysis.
4) An economic model with the Net present value as the objective function was developed to predict the economic viability of the plant and to assess the rate of return on the investment.
Analytical Model for Plant Performance Evaluation Trans-Amadi Gas Turbine Power Plant Operating Data
The operating conditions and data of the simple gas turbine, the Trans-Amadi gas turbine power plant is shown in Figure 1 . The operating exit temperature of the compressor as shown in Figure 1 is 367˚C and that of the turbine exit temperature is 487˚C. This illustrate the prevailing conditions where the plant operates, as well as the indication of some limiting factors against which the plant could not delivered at design capacity.
Applying steady flow energy equation and using the notations on the T-S diagram of Figure 1 gives
Heat Supplied,
Heat Rejected,
Compressor work rate, 
(Lebele-Alawa and Anthony, [22] ; De and Nag, [23] ).
Net work Output Thermal efficiency
Heat Supplied =
( ) ( )
Isentropic Efficiency of the turbine is
Nag, [3] .
Economic Model for the Plant Investment Viability
The need for a terminal form of power or energy is on the increase and more potential investments can maximize this opportunity. It is therefore necessary to rank the possible power production investment based on financial return. The financial analysis requires evaluation models that compare the time-based income stream generated from the investment with the cost of investment. The techno-economic viability of power plant projects can be forecasted using various criteria that can be adopted to carry out such a comparison; such as the net present value (NPV), payback-period (PBP) and internal rate of return (IRR) [24] . Journal of Power and Energy Engineering
The Net Present Value (NPV) is used to assess the future series of after-tax cash flow (ATCF) generated for the power generation and utilization. The NPV of the financial benefits is compared with the NPV of the investment to determine whether the investment has a positive return [25] . Mathematically, NPV is expressed as
(Nkoi et al., [24] ).
The NPV of the cash flows calculated is then compared with the NPV of the investment sequence, which is determined by: 
( )

Capital investment cost of the plant PBP years
Annual saving from the Energy Generated by the plant =
Results and Discussions
Results
Thermodynamic Performance of the Plant
Data recorded from the HMI in the control room of the plant is presented in Table 1 . MATLAB software was employed to evaluate the performance of Trans-Amadi 25 MW gas turbine by calculating the percentage drops in power and thermal efficiency as the ambient temperature increases.
From the performance and economic analyses of Trans-Amadi gas turbine, This further revealed that as the deviation between the design and operating ambient temperature increases, the plant performance decreases proportionally.
In Figure 3 , as the ambient temperature (compressor inlet) increases, the perature, the thermal efficiency drops by 0.66% for the period of analysis. Figure 4 shows that as the net power drop increases there is a progressive increase in the thermal efficiency drop for the given range of ambient temperatures. Since the efficiency is a function of the output, increase in output will bring about a corresponding increase in efficiency. This is because both parameters are relatively proportional. For every 1% drop in the power output, the percentage thermal efficiency drops by 0.79% for the given consideration. Figure 5 shows that specific fuel consumption (SFC) of the engine increases with increase in ambient temperature even though there is a decrease in fuel flow as shown above. This is because as the temperature increases, just any little available fuel will cause ignition whereas, any available fuel will be swept up (consumed) by the increased temperature. For every 1˚C rise in the ambient temperature, the specific fuel consumption increases by 0.93% for the given period.
Energy-Cost Analysis of the Gas Turbine Plant Performance
The analysis of the plant performance was evaluated on monthly basis. This was statistically evaluated and the average tabulated. Further analysis revealed the power available and power shortages due to the difference between the installed capacity and the generated power as shown in Table 2 .
The log sheet data were evaluated and the mean net electrical power generated was 18.3 MW for a period of one year and the plant operating hours was 663 hours.
Power Available for the period (KWhe) = Net Electrical Power Generated × Operating Hours.
Power Available for the period (KWhe) = 18.3 × 663 × 1000 = 12,132,900 kWhe.
Power Shortages (MW) = Installed capacity -Net power generated = 25 MW − 18.3 MW = 6.7 MW.
Revenue Generated = Power available (KWhe) × Electricity tariff (₦/kWh or $/kWh).
Where the electricity tariff = 24.91 ₦/KWh (NERC, 2015) (0.076 $/KWh, approx 0.08 $/KWh).
Revenue Generated = 12,132,900 KWhe × 24.91 ₦/KWh = ₦302,230,539 ($970,632). Cost of Shortages = (Installed capacity -Net power generated) × Operating hour × Electricity Tariff. The economic analysis based on the performance revealed that the power shortages represent about 47.9% of the net power generated for the period of consideration. This represents revenue loss of about $4198741.60 for the period. It further shows that the cost of outages represents 35.7% of the revenue generated per annum for the operating hours of the plant.
Investment Analysis of the Gas Turbine Plant
Reference to [24] Also, the internal rate of return on investment was determined to be 12.40% by a numerical approximation technique. 
Conclusions
The thermo-economic assessments of this plant type provide a significant detail 
